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The Hernst-Ettingshausen Effect in p-Type 8/181/60/002/010/016/051
Gallium Arsenide B019/B056

beginning at 600 - B800°K again makes Q* negative. Pinally it is pointed

out that the results obtained here may be explained by the modern theory

of thermcmagnetic effects. Furthermore, the results obtained make it
poseible to enstimate the part played by acoustic vibrations of the

lattice in scattering processes. There are 1 figure, 1 table, and 3 X
references: 2 Soviet and 1 US.
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86431
s/181/60/002/011/015/042
9 4300 (3+03,:092,1/93) B006/B0S6
AUTHORS: Nggliiﬂ{l R. Ni, Smirnova, N. N., and Tsarenkov, B. V.
TITLE: The Temperature Dependence of the Main Parameters of GaAls

Point zontact Dicdes
PERIODICAL: Fizika tverdogo tela, 1360, Vol. 2, No. 11, pr. 2762-2769

TEXT: The authors prcduced point-contact diodes frcm n-type GaAs single
crystals (conducéivity at rgom temperature: 15 - 30 ohm”-cm“‘; concentra-
tion: n. = 5*10’ - 10"7cm™ mability:gnfﬁ 2000 sz/v'sec), and first

give a brief description of the production method. The volt-ampere charac-
teristics of the GaAs diocdes were measured within the range of
-196 - +300°C (Pigs. 1, 2), and the main parameters are given in Table 2.
The oscilloscopic characteristics were recorded bty a "characteriograph”
described in Ref. 6. The direct branches of the vclt-ampere characteristics
are described by(the empirical forgyla

(U, ~I,. T )]
L S Io{exp [ “Ek,rdi’ = - ] The faster I~ oxp (-AE/KT)

(AE =~ 0.7 ev); B is a dimensionless factor which decreases with rising
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The Temperature Dependence cof the Main 5/181/60/002/011/015/042
Parametars of GaAs Point-contact Dicdes BO06/B056

temperature (cf. Table 2); r, is the internal series resistance of the
diode, and Udir is the dire:t voitage drop on the dicde. The experimental
results are shown in five diagrams. The dire<: current in the diode depends
on recombination processes occurring in the vclume-charge region, the
base layer; and on the surface, and alsc on the chmic resistance of the

T _ 3 T ~ - -
base layer. I, . = Ioexp(q[}o/ﬁkT) and I, -~ exp [(AE qUO/B)/kTJ, shere AE
is the activation energy. An analys!s of the statistical volt-ampere char-
acteristics in the temperzture range concerned showed that: 1) the tem-
perature dependence cI the differential conductivity at Uo' of the factor

I in the empirical formula for the d:rest ~urrent and the reverse current
a¥ -1v is 9xponential in the range cf 37%.573°K; the expcnents coincide;
2; B decreages with risiryg temperature and is greater than 2 at -196 C;

3) t1e section voltage decreases with increasing temperature; the tempera-
ture coefficient coincides with the temperature coefficient of the contact
potential difference calcnlated for a symmetrical p-n junction, whereas
the absolute value of Useﬂ is smaller than the calculated value of Usale?

-

4) at a constant voltage, the dirert current rises wjthin the range of
ge,
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The Temperature Dependence of the Main s/181/60/002/011/015/022
- Paramaters of GaAs Point-contact Diodes BO06/B056 .

0 - 0.6 vy with rising temperature. Within the renge of 0.7 - 1 v it Iirst
increases, after which is drops , which is due to the temperature depend-

. ence of the internal series resistivity of the diode. There are 5 figures,
2 tebles, and 9 references: 7 Soviet, 1 US, and 1 Australian.-

¢ ¢

ASSOCTATION: Fiziko-teknnicheskiy institut AN SSSR Lenirngrad
I (Institute of Physics and Technology of the 43 USSR,
| Leningrad)

SUBMITTED : June 9, 1960 , ,

: Tabamga 2 Legend to Table 2: 1) r_ ex

. " e i Voo | Iap, (4100 Lo (::)_ pressed in ohms; 2).Usec in
< " . 8 o i . . Vy Idir at +1v in aj
! Z 3 | Y 4) I, at-1v ina.

0.67

2 | 36.100 |- 17 | 20
0.34

300 4.10°% |° 155 29

' !
S
| ;|
. : , :
—~195 | 25.10°13 | 32 8 l 093 l 0.005
. |
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AVIEORS: Dorin, V. A, Basledev, 3. &, Tartekovgkays, J. K. (Lonu‘nd)
TITLE: Preparstion of & Titeaiwm Dioxidd Seaieonductor on Titaniua st Lov

‘Oxygen Pressures
PERIODICAL: fhurmal fisicheskoy khimii, 1960, Vol. 34, No. 4, pp. 809 - 814

SEIT: The oxidatien of titaniua in a gaseous phase obtsined by heating powdered
sitanium oxide was investigated. In this way a guseous phase containing oaly saall

amounts of exygen was obfained. Titanium foils (0.6 ma thick, 20 X20 ml) vith ot

most 0.00% ¢, 0.00% ¥y 0.5% Fo + N1, and traces of Cu were oxidised. The titaniun

oxide powder was amnealed at 800° for three hours prior to use. In the firpt
series of experiseniis smstase ponder was used, in the second, rutile powder. Work-
ing temperstures Teqged from 700° te 1100°, the weight imorease im the titaniua
foil usndergei=: exzidation vas deternined by we . In the first series of ex-
perinents the celor of the oxide fila wvas observed to change with teaperature,
1.0., at 650-800° the oxide is light gray, btut chaages into dark gray aad, at
temperatures abeve 050°, iato dark blue. An X-ray analysis shoved that at

Caxd 1/2
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mechanism of equilibrium eleoctris

1960, no. 50, 3-10)

AUTHORS: Yemel 'yanenko, 0. V., Nasledov,D, N.

TITLE: Comprehensaive investigation of the
conduativisty in gallium arsenide

PERIODICAL: Referativnyy zhurnal, Fizika, no. 11, 1961, 232, abstract 11E435
("Uch. zap. Kishinevsk, un-t",

TEXT:

the Hall constant R, the differential
transverse Nernst-Ettingshausen constants Qi and Ql
difféerence in temperatures
couples, which are

QL 1is measured on Hall probes, while Qi

o« The instrument has a symmetric heater-cooler systes,
temperature gradient along

is possible to vary the direction of the

and make the specimen undergo practically any temperature drop.

potential differences smount to mno less than 10 jv;
circuit 1s &20.3mwv. The princ

Ccard 1/2
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thermo-emf ¥,
i3 produced along 38 specimen

used as current feeds incident to measurement of 0 and R.
i{s measured on the same terminals as

ipal error of the instrument

One and the same {nstrument was used to measure the conductivity 6

and the longitudinal and
. In this instrument a
and measured by thermo-

by virtue of which 1t
+he specim2n
The measured
the sensitivity of the

is in the determina-
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Comprehensive investigation of the mechanism ... A058/A101

tion of the temperature differences A'P of the ends of the specimen. Two n-type
Ga-As specimens » re investigated, Spegimen s%ze was 12 x 3 x 1 mm, The
temperature was measured in the range O 600 K. From the curves of R versus
T 1t 18 evident that both specimens are in the region of impurity conduczion.
At high temperatures scattering by phonons plays an essentlial role, witn
decrease 1n temperature ﬂ“<< 7000 - 400 K) srattering by the lorizad impur:
increases,

E. Filippova

[Abstracter's note: Complete translation]
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§/081/61,/000/020/010/089

Q4174 (043,13% /HJ) 3144/B101

AUTHORS: Yemel'yanenko, O. V., Nasledov, D. N,
agoeoty ™
TITLE: Comprehensive investigation of the electrical-conductivity

mechanism in gsllium arsenide

PERIODICAL: Referativmyy shurnal. Khimiya, no. 20, 1561, 33, sbstract
20B229 (Uch. sap. Kishinevek. un-t, v. 55, 1960, 3-10)

TEXT: The temperature dependences of the thermo-enf, of the constants of
the Nernst-Ettingshausen effect, of the Hall constant and of the Hall
mobility were studied imn n-type GeAs samples. It has been established

that in the renge of medium teaperatures (<300 - 4oo°c) the scattering from A
impurity ions plays a fundamental role in n-type Gais saaples containing
various amounts of impurities (electron concentration .
4 -
5.1016 - 5-10'8 o 5). [Abltrnctor'l note: Complete trmulstion.]
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AUTHOUS 7 -.okobinskaya. N. I., Galavanov, 7. V., Nasledov, Dol

TIPLE: A study of galvanomagnetic pnenumena 1n high-purity InSb

PERIODICAL: .oferatlvryy shuarnal, fFizika, noo 7, 1962, 30, abstract 7EP2%9
{Ir, collectiorn: “opr. metallurgii L Tiz. polupbovodnikov". Museov,
A 8SSE, 1961, 35 - 99) .
Tkl Cae conductiviiy 17y and whe Hali coelfilclent (7; nave ue=l ;:ugieu ]?

n Di3n of nelype and p-type corduntivity and a carr.er conceniratior. of 1ot
1018 cu~3 at lemperatures (T) of 77 - 450°K and magnetlc field intensities (i) of
50 - 25,00C ve. It 1s snown tnat R 1s independent of H in the region of intrimsic
conduczivity. The strong dependence ¢f } oh H in tne transition region from
impurity tc ‘ntrinsic conductivity fits well the theory wnich allows for a ereat
diversity of electron and nole mobilities in InSo. A strong dependence o 7 and
R on H has beeh discovered in the impurity region. In pure n-type specimens :
diminishes by 3 to 8 times as i changes from 50 to 25,000 oe, and the chrange of
in a 25,000-ve field amounts to 500 - 7006. It is noted tnat the nign value of

>
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tnese elfectl. dces not fit the tneory whlch allws Tour the scatb
from the latltlice acoustieca: vibrations and [rom impurii, ioss.
the dependeice f R on (I can te explalied by w2 s attering of ool

5
N 1
.
-

+

ions. In n-iype InSb specimens o7 nignest puricy two Impurity levels witr an<i-a-
tion energies of G.02 and 0.09 ev have teen detected. The “orbidden band widii,

determined from the R(T)-functior, is equal “o (.26 ev.

| Abstracter's note: Complete translation
L
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t
8/139/61/000/001/009/018
G.9/60 (atie #37) £032/E514
AUTHORS : Nasledov, D. N. and Solov'vev, R. A.
TITLE: Rectifying Properties of the System Se-Dielectric-Au

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Fizika,
1961, No.l, pp.104-109

TEXT : The specimens were prepared follows. Selenium was
deposited on a bismuth film supported by an aluminium base. A
further layer of a dielectric was deposited on top of the selenium
and the composite film was covered with a layer of gold. Altogether
20 different insulating materials were tried. All the specimens
exhibited a rectifying effect, which in some cases was quite well
defined. It was found that the rectifying effect occurs at the Q%\
selenium-dielectric contact. Among the dielectrics used were
shellac, polystyrene, quartz, Lac 51, Lac K-47 and others. It was
found that the rectifying effect appeared at once and did not vary
with time. The thickness of the barrier layer appeared to depend
on the magnitude of the applied voltage, while temperature changes
between -70 and +100°C did not have much effect on the character-
istics of materials such as quartz Lac 51, Lac K-47 and other
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d $/139/61/000/001/009/018 \)(
Rectifying Properties of the ..... EO32/E514

stable dielectrics., In the case of shellac, the rectifying
properties deteriorate rapidly at higher temperatures. ,The photo-
emf was also measured using visible radiation of 4 x l.()‘l lux, The
radiation was admitted through the zold film. Maximum photo-c-fa
were obtained with shellac and a material described as rﬂr‘r4-|ﬂ
(MGM-16) (of the order of 1% mV). The present paper is a prelinin-
ary report, further information will be published later. There
are 9 figures, 2 tables and 7 references: 2 Soviet and 5 non-Soviet.

ASSOCIATION: Leningradskiy politekhnicheskiy institut imeni

M. I. Kalinina (Leningrad Polytechnical Institute
imeni M. I. Kalinin)

SUBMITTED: June 2, 1960
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§/105/61/000/003,/291,/001
Q,4300 [ewa 1035,/143, 115D) B116/B206
AUTHORS : Fasledov, D. N. and Zotova, N. v.
#“'
TITLE: Inatrument for measuring direct currents of up to 40 ka

PERIODICAL: Elektrichestvo, no. 3, 1961, 70-73

TEXT: This is the description of an instrument similar to those

developed by the Siemens-Schuckert Plants in the Federal German Republic
(Refs. 2,3). It was developed by the authors for the purpose of
measuring direct currents of up to 40 ka with an error of measurement of
about 0.7%. The instrument is based on peasuring the magnetic-field
strength, the field being produced by the direct current by means of Hall
generators developed by the authors. These Hall generators are made from
indium arsenide (semiconductor) (Ref. 1). The new instrument differs from
those used in the USSR for measuring direct currents by the following
facte: it can easily be placed on a conductor rail and measure the
current in any section of the raily the instrument has a millivoltmeter
of the class of accuracy of 0.5 and & linear scale in the entire measuring
range; the instrument indications do not depend on outside effects of Lf?

card /4y
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Instrument for measuring direct ... $/105/61/000/003/001/001
B116/B206

foreign magnetic fields, foreign steel mamses etcj the instrument has a
sufficiently low error of measurementj the indications do not depend on
the temperature up to + 50°C (the lower limit is unrestricted)j the
peasuring process and calibration of the instrument are very simplej the
Hall generators used in the instrument are exchangeable and reliablej
the instrument is not sensitive to overloads and consumes a maximum of
1.5 w. The basic circuit diagram for connecting the two Hall generators
is shown in Pig. 1. The raile conducting the direct current to be
measured are gripped by the steel yoke consisting of two U-shaped parts.
The Hall generators are placed in the two air gaps formed between these
parts. It is shown that the sum of the magnetic-field strengths H1 and
in the two gaps of the width 1, and 1 respectively will only be

proportional to the measured current I, 2i¢ Hpe lpe<¢=I. Hpe 18 the

magnetic-field strength along the path 1Fe in the steel. This coadition

is only fulfilled in a material with steep magnetization curve and narrow
hystereeis loop. Such a material is cold rolled silicon sheet steel V%L

Card 2/74
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XBMN (KnVP), which shows a high saturation induction, making it possitle
to obtain great magnetic-field strengths in the air gaps The neglect

of HFolPo in comparison to I is the only fault of this direct-current

measuring method. The instrument is described in short with the aid of
Fig. 2. The yoke is made from EhVP steel and consists of thin lamellas,
in order to prevent heating owing to eddy ocurrents. Between the two yoke
parts there are very exactly machined calibrated copper cups. The yoke
dimensions are: 114 x 67 x 30 cm. The surface of the recess for the rail
is 37 x 34 om. The air gap is 3 om. The weight of the yoke is 1600 kg.
The Hall generators were made from indium arsenide and showed & sensitiv:ily
of about 100 pv/B. It was possible to reduce the potential drop at the
Hall contacts to from 0.05 to 0.2 mv for H = O. The control panel con-
sists of two indicating instruments of precision class 0.5 (a milliammeter
for measuring the control currents of both transmitters and a millivolt-
meter calibrated in kiloampere) and a circuit for separate transmitter
feeding, compensating the foreign emf and measuring the Hall emf. Each
Hall generator has its own, accurately selected load resistance, since rnot
only the Hall emf, but alsc the linearity of the scale depends on it. Lu/

Card 3/441
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Instrument for measuring direst ... s/105/61/000/003,/001/001
B116/B206

Provision is made for a recording device to be added on the panel.

Fig. 3 shows the basic ocircuit diagram of the panel. In this circuit the
microasmeter with the resistor connected in series serves as recording
apparatus. The instrument scale is gtrictly linear for measurements of
up to 40 ka and remains ec up to 50 ka, if the air gap 1is 1increased to

4 om. The great weight of the instrument is mentioned as a drawback.
Experiments to reduce it have led to a reduction of the measuring accuracy
At present the authors are developing a direct ocurrent measuring instru-
ment for currents of up to 100 ka, based on the same principal described
here. There are 6 figurea and 3 references: ! Soviet-bloc.

ASSOCIATION: Fiziko-tekhnicheskiy institut AN SSSR (Physicotechnical
Institute of the AS USSR)

SUBMITTED: December 8, 1956
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$/181/61/003/001/025/042
' 0
24,7600 (1643,1S8 ,1i0) BO06/B056
AUTHORS: Agayev, Ya., Yemel'yanenko, O. V., anqﬂggglggggl_g;_§;-ﬂ
TITLE: Investigation of the thermomagnetic Nemst-Tttingshausen

effects in solid solutions of the InS*-AlSb asystem
PERIODICAL: Fizika tverdogo tela, v. 3, no. 1. 1951, 194-197

TEXT: Already in earlier papers (Refs. 1-3) the authors reported on
studies made of the InSb-AlSb system; the first component is characterized

by high carrier mobility, the second by a broad forbidden band. Electrical
conductivity, Hall effect and change in resistance in a transverse magnetic
field have already been studied; studies of this system were continued, and\)<
form tre subject of the present report. The principal aim of further
investigations was to explain the scattering mechanism of carriers in solid
solutions (by means of the Nernst-Ettingshausen effect), and to obtain more
exact data on carrier mobility. The measuring method is described in

Ref. 4. Fig. 1 shows the temperature dependence of the transverse Nernst-
Ettingshausen effect (Qd) on the basis of several compositions. In the
impurity region, the specimens had hole-type conductivity; at room

Card 1/{3{
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temperature the hole concentration of specimens 1 (InSb) was 5-1015 cm 7,

and that of 2-4 was about 3-1017 cm-5 (21 InSb+AlSb, 3t 2.5InSb-7.5A1ShH,
4: Al1Sb). Measurements were carried out in magnetic fields of 7000 oe,
specimen 1 at 1200 oe; (weak fields, uH/c&1). The negative sign of the
K-E effect in specimens 2-4 at low temperatures indicates that the carriers
are scattered on impurity ions, as is natural for semiconductors of the

AIIIBV group. Also the nature of the temperature dependence of the Hall

effect is jn agreement with this fact. At low temperatures, InSb has a
positive Q~, which indicates that the carriers are scattered on acoustic
lattice vibrations. Scattering by impurities is insignificant owing to the
high purity of the specimen. Impurity conductivity is conserved in AlSb,
and the scattering mechanism may be determined even at high temperatures.
At T>350°K, Qb is positive (carrier scattering by acoustic lattice vibra-
tions), but also in the case of InSb the Q¥(T) curve becomes positive
within the region of intrinsic conductivity. This is possible in spite of
the bipolar character of conductivity, because in InSb the electron-to-hole
mobility ratio is high, and the forbidden-band width is low. In InSb-AlSH
specimens, the part of the Q‘(T) curves related to mixed conductivity is

card 2/8¢|
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Investigation of the thermomagnetic... BO06 /BOS6

shifted toward higher temperatures. In InSb, mixed conductivity begins at
about 140 h; ir InSb.AlSb, at about 280°K; and in the specimen containing
75¢f Al1Sb, at 500- 550°K; in Al1Sb it does not occur at all. This may be
explained Yy the increase in the forbidden-band width in the case of in-
creasing AlSb content. As regards carrier mobility, it was found that in
transition from InSb to A1Sb hole mobility decreases. On the assumption
that at low temperatures in specimens 2-4 only impurity ions act as
scattering centers; the holg mobility may be cazlculated from the N-E effect.
At 110°K, 140, 80 and 30 cm /v-sec was obtained for specimens 2, 3, and 4.
These values are 2-3 times as high as those calculated from Ball effect and
ccnductivity (under the same conditions); however, they appeared to be
closer to the true values, because the N-E effect is not disturbed, e.;.,
by a crystalline structure. In any case, these values may be considered to
be limits. Pig. 2 shows the tempersture dependence of the longitudinal

F-E effect (QM"), on InSb (1) and InSb-a41Sb (2). The fact that anx of (1)

surpasses Q;ax of (2) by about 2 orders of magnitude (the seme may be

observed in the case of QL) is explained by the much higher mobility and
the much higher mobility ratio. Results show that scattering on the
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APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1"



"APPROVED FOR RELEASE: 03/13/2001  CIA-RDP86-00513R001136110016-1

89286

s/181/61/003/001/025/04 2
“nvestigation of the thermomagnetic... BO06 /B0OS6

disorderad structure of InSb-A1lSb alloys is low. Carrier mobility may be
increased by an increase of purity. There are 2 figures and 6 Soviet-bloc
references.

akad. A. F. Ioffe (Leningrad Institute of Physics and

ASSOCIATION: Leningradskiy fiziko-tekhnicheskiy institut AN SSSR imeni
Technology AS USSR imeni Academician A. F. Ioffe)

SUBMITTED: June 22, 1960
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8/181/61/003/001/026/042
247700 (1093, 1193, 146§) B102/2204
AUTHORS » Yenel 'yanenko, 0. V., Lagunova, T. 8., an rlu}“o.dq!_. 'D’.‘ml_._
TITLE:s Impurity band in p- and n-type gallium arsenide crystals

PERIODICAL:s FPisike tverdogo tels, v. J, no. 1, 1961, 198-203

TEXT: The present paper is a continuation of an earlier paper (Ref. 1)

in which high-impurity n- and p-type Gals specimens have been examined.

It had been found that, in these specimens, the ocarrier concentration

does nos change with decreasing temperature (from room temperature to

1.5 - 2°K), and slso the electrical conductivity remains nearly constant.
In n-type specimens, the activation energy of impurity levels was equal

to zero because of the formation of an impurity band overlapping the \74
conduction band, and the electron gas was degenerate. The effective mass
of the holes in CaAs is s multiple of the electron mass. Here, data are
given on measurements of the Hall constant and the electrical conductivity
of p- and n-type GaAs specimens, which are discussed. The measuring
method is described in Ref. 1. The specimens were produced froam inivisl
substances of high purity (99.99‘); the characteristic properties of the
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various specimens are given in a table. The results of messurement ar
shown in Pigs. 1 and 2. VWithin the entire range of measurement (2-600 k),
the specimens were within the region of impurity conductivity. The
temperature dependence of Hsll constant electrical conductivity for
p-type GaAs is shown in Pig. 1 and Pig. 2, roopoctsvoly. In the latter,
the slope of the curves is constant from 30 to 4.2 K (the apparent breaks
are due to the change in scsle). Ge, InSDH, and other seaiconductors show
a similar course of the curves, whioch is explained on the tasis of &
hypothesis concerning the mobility in the impurity band (Phys.Bev. v.96,
p. 1226 and v. 99, p. 400). Here, the existence of two types of carriers
of the same sign is assumed; ordinary carriers in the conduction or
valence band, and sueh of lower mobility inas band formed by overlapping
impurity levels. The Hall constant B may be expressed as a function of
concentration and mobilities of the two types of carriers (1,2)s

2 2 2
R = ‘r(‘1‘1 + uznz)/(n1n1 + “2"2) , where n, + mn, = constj the constant r

differs only little from unity. Pigs. } and 4 show R(T) and o(T) for
n-type GaAs. The maxima of the B(T) curves may be explained either on
the basis of the above formula for u,n su,n,, OF by a surface conduction

Card z/r,‘

1

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1"



"APPROVED FOR RELEASE: 03/
i B e B B e e e e IR R s ] R e T R Ll ¢

13/2001 CIA-RDP86-00513R001136110016-1

ST !
ik A

'" 89387

|} e per e e e s mm i et eeeas = o iorar —emavin oo 2 = e e e L .

. e , 8/181/61/003/001/026/04 2 ’
Iapurity dend in p- and n-type... B102/B204

t effect. However, the latter ccnnos explain all the phenomena observed.
) The slope of the curves with T< 30 K depends on processes ococurring in ey
the impurity band, and at higher temperatures on carrier transitions from
" the impurity band to the conduoction or valence dands. The width of the
» energy gap between acoeptor levels and valenoe dand may de ocaloulated
;.- from the slopé of the R(?) curves or (for pure specimens) from the forzmulas
o W .xp(.w‘”/u). Both methods yielded similar results:

A ._"AB = 0.01 = 0,02 ev. The gap between donor levels and conduction band '

" was found to be even smaller. Some interesting results were obtained for
oconductivity; thus, the reeistivity; of n-type Gaids at low temperatures

in a transverss magnetic field doesi not increase (as 1s otherwise the case 3

in semiconductors) but decreases. At H « 5000 oe and at helium

temperature, the resistivity decrease in some cases attains 0.§ - 0.7%;

i in the case of pure specimens (5300 oe), even 7.5%; and at 2.4 K, 11%.

i On p-type specimens, this effect was either very lov or did not occur at

! all. The effeot on n-type Gais cannot be explained by theories aveilable oG

!  today. There are 5 figures, 1 table, and 4 references: 1 Soviet-bloc and

3 1on-8oviet-bloc.
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* ASSOCIATION: Leningradekiy fisiko-tekhnicheskiy imstitut AN SSSR imeni :
shad. A. 7. Ioffe (Leningrad Institute of Physics and
.Te@anology AS USSR imeni Academician A P. Ioffe)

SUBMITTEDs - Junl 22, 1960 : o e SER—
Y

oy n”v::’::: Npowses, o [ Sim N
Legond to the table: 1) Number and Y iemeern | St * "8 """"‘3) .

:." type of conductivity of the specimen; ' 1) 2) T 300 K
. 2) impurity, % by weight; 3) carrier

[
1
, concentrationj 4) carrier mobility. 3, |o1cCd 1100 7
! 4p 00! Zn 45 .10 95 i
Sp |01Cd | 15.100 o , |
6p | 008 Cd 4107 150 ¢ |
i 7p | 0013Cd | 15.107 20 !
; 8p 0.001 Zn - 1017 300 '
: Tn - 45 .10 00, -
: 8n 0.001 Se 21.107 3300
i 9a - 22.10 20 !
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AUTHORS: Burdukov, Yu. M., Imenkov, A. N., Nasledov, D. N., and
Tsarenkov, B. V. T
TITLE: Alloyed Gads junction diodes
PERIODICAL: Pizika tverdogo tela, v. 3, no. 3, 1961, 991-994

TEXT: This is the continuation of Refs. 1-9 which the authors published in
FTT with the exception of Ref. 9 (C. T. Sah, R. N. Noyce, W. Shockley, Proc.
IRE, 45, 9, 1228, 1957). The diodes studied were made from thin plates of
n-type GaAs single crystals which had been grown by the method of
Chokhral'skiy. Their resistivity was 0.02 ohme.cm, their electron concentra-

tion“!O” cm-B, and their mobility 3500 cmz/waec at room temperature. The |
p-n junction was obtained by introduction of molten zinc or from the eutecﬁcUK
Au-2n alloy. Lead served as non-rectifying base contact. The area of the

p-n junction was equal to 8 = 0.005 0’ The volt-ampere characterigtics of

such a diode at 25 and 300°C are shown in a figure. They wers recorded by

the "charscteriograph" described in Ref. 10 (Tsarenkov, PTE, No. 2, 144,
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1960). The most important results were the following: 1) The direct
branch of the diode charccterigic at voltages below the cutoff voltage vcan ‘f

be described by the formula I, . = I, exp(quir/ﬂkT) - ﬂ (1). Iy, 18

the direct current density, Udir the direct voltage drop on the diode, and

f a dimensionless factor. I, increases with rising temperature. Within
the range of nitrogen temperatures to room temperature, I (T) is a weak
function (weaker than at higher temperatures). At room temperature,

I°=1O'8-10'7 a/cmz. and at 300°C, Ior_g10-5-10-4 a/cmz., p decreases with

rising temperature within the range of -196-+300°C. At nitrogen tempera-
tures, B ~ 7 - 123 at room temperature, 2 - 3; and on a further change in
temperature, it approaches a value £2. The direct branches of the volt-
ampere characteristica of several diodes have two exponential sections:

! - - "
Iasr 101“"(‘1“&11-/‘31“) and I3, . Ioz"p(qudir/azm)‘

1 "
Udir <Udir’ 101) 102, 31)92. Iol and 102 increase with temperature (102
faster than 101); at 200-300°C, P SO [3151[32. The occurrence of two
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exponential sections of the direct branch is related to the surface proper-
ties of the diode. By a change of the composition of the etching agent, one
of them disappears, and in formula (1) Ig. 1, and fof,. The existence of

two seotions and the disappearance of one section by surface treatment is
asoribed to the fact that the surface of gallium arsenide has an inverse
layer. The cutoff voltage of the direct branch is lower than the contact
voltage calculated according to Shockley's junction theory, and drops with
increasing temperature. The temperature coefficients of the two voltages are
almost equal. The curvature Gg of the linear section of the direct branch
calculated from the data of the diode with a base 0.5 mm thick amounted to

N.O3 n/v'cmz. The differential resistance at zero voltage cen be exactly
calcula‘ed from the formula R, = BkT/qu- Ro('l‘) is nearly inverse to I (T).

Ry of diides with two exponential sections of the direct branch is much smaller
than R, of diodes with only one section. The reverse branch of the
charazteristics at voltages lower than the breakdown voltage can be describved J{

- AQR
by ths empirical formula I"v AU!_", where n$1; ImV increages with

temperature. The breakdown voltage also increases with temperature, which is
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taken us an indication of the electric craracter of breakdown in low-voltage

GaAs diodes. There are 1 figure and 11 references: 9 Soviet-bloc and
2 non-Soviet-bloc.

ASSOCIATION: Piziko-tekhnicheskiy institut AN USSR Leningrad (Institute of
Phyeics and Technology, AS USSR, Leningrad)

SUBMITTED: Septenmber 23, 1960

Legend to Fig.: Ordinate unit 4 ma, abscisea unit 1 v (left-hand diagrams)
or 0.25 v (right-hand diagrams).
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AUTHORS femelyanenko, 0. V., Kesamanly, P. P,, and Nasledov, D, N,
TITLE: The dependence of the effective mass of the electron in

n-type InSb on the carrier concentration
PERIODICAL: Pizika tverdogo tela, v, 3, no. 4, 1961, 1161 - 1163

TEXTs The authors give the results of a determination of the effective
electron mass in InSb for different carrier concentrations. The determi-
nation wvas done by measuring the differential thermo-emf, The experimen-
tal apparatus has been described by the authors in an earlier paper (rrT,
II, vyp. 7, 1494, 1960). The saaples were prepared by fusing the compo-
nents in a stoichiometric ratiog They had n-type conductivity, and a
carrier concentration n = 3,100 ca=J (at room temperature). Bhey were
doped with selenium up to an impurity concentration of 2.5'101 ca~>, The
size of the samples wvas 1 x 3 x 10 mm, They were polycrystalline and suf-
ficiently homogeneous, The differential thermo-emf can be expressed by the

k[r+2 ® ()
relation X = - 3‘[ -3 71.(“)“ - (uJ (1), vhere r is the exponent in
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the scattering lav lﬁuer, ¢ the electron energy calculated from the bottom
of the conduction band, 1 the electron mean free path; for the various
kinds of scattering, r has the values 0, 1/2, 1, 3/2, 2; umis the reduced
Permi level, and 'r(e') the FPermi-Dirac integral. On the other hand the

electron concentration in the conduction band is related to Mt

2
ne (':'.)3/2 véf.—(z?z)’/ 11/2( F), where m* is the effective mass of the
conduction electron and m the mass of a free electron. From « and r one
can determine u, from which m* can be calculated by the last egquation,
Since the thermo-emf in each case is a function of the scattering mecha-
nism, the m* values for all InSb samples were calculated for the two ex-
treme r-values O and 2, These values are given in the table for T = 300 Kj
so alao the values, If it is assumed that the scattering mechanism does
not vary froa sanple to sample, the effective electron mass increases sig-
nificantly with increasing electron concentration, In sample 3n which

contains 2.5'1019electrons/cn3, z*/m is three times as large as in the
pure sample 18n, This result is independent of the r-value. The assump-
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tion that the character of scattering in the samples is independent of
the impuriiy concentration is not very exact. In diamond-type crystals,
to which InSb belongs, the electrons are scattered by acoustic lattice
vibrations (r«0) and impurity ions (r=2). The role played by the two
processes is a function of the temperature, the electron and impurity
concentrations, the degeneracy of the electron gas, etc. If the increas-
ing role of lattice scattering with an increase of the carrier concentra-
tion is taken into account, the effective mass of the electrons increases
with increasing carrier concentration even more rapidly. It can, there-
fore, be said that in degenerate n-type InSb the effective electron mass
increases significantly with increasing carrier concentration. The authars
thank V. V. Galavanov for making available the InSb samples. There are

1 figure, 1 table, and 5 references: 3 Soviet-bloc and 2 non-Soviet-bloc.
The two references to English language publications read as follows:

8. D. Suith. T. S. Ho'a' K. ¥, lelor, Je Phy‘o Chem. Sol. u, 131, 1959'
V. G. Bpitltr. B. Y. r.ﬂ. Pby'o Rev, 1 ’ 5' 882, 1957.
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Piziko-tekhnicheskiy jnstitut imeni akad. A. F. Ioffe
AY SSSR Leningrsd (Institute of Physics and Technology
speni Academician A. P. Ioffe, AS USSR, Leningrad);
Institut fiziki AN AzSSR Baku (Institute of Physics,
AS Azerbaydzhanskaya SSR, Baku)

August 11, 1960

Table: 1) Sample, ©® ® s mrim
Otpaseg a, o’ . wEn'rpas.

rm@ rmd r=@ r=l

18 30.10 308 ~14 10 0029 001l

U= 13.10¢ 220 —03 21 0.040 0.013

il a 9.0-10v 102 34 7.7 0.048 0.017

6n 69108 U 83 %0 0.062 0.021

Sn 25100 n 123 70 0.098 0.033
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AUTHORS: ..en Chih-c Masledov, D. N-

TITLE: Electrical and galvanomagneti: yreperties of n-type InSt ut

low temperatures
PERIODICAL: Fizika tverdacge tela, v. 5, d-. -, 1oty Tref-1tey
TEXT: The conduction mechanism of n-type InSb at temperatures of liguid
helium has so far not bveen inveatigated. Therefore, the present article 1s
devoted to this subject. Besides, the properties of the impurity; bind are
hardly explored, particularly because pure n-type InSb crystals do not exist.
The authors studied the temperature dependence of alectrical conductivity
and Hall constant for impurit; concentrations of 1015-1012 ¢m~?, as well as
the change in resistivity at helium temperatures due to & magnetic field.
The results ashow that, at helium temperatures, conduction in the iwspurity
band plays a considerable role in specimens with an impurity concentration
of the order of 10'4 cm~3 or less. In this case, electron mubility is
relatively high in weak magnetic fields and decreagses rapidly with rising H.
The results of the studies are illustrated graphically. Specimen 7n (the

card 1/43
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specimens are numbered from 1n to Tn) with a carrier concentration of
4.5-10'5 cm-3 did not show any teuperature dependence of Hall constant (R} y\\
and electrical conductivity (o) belecw the temperature of ligquid nitro-aa,

which is explained by an overla, of 1mpurit, band and counducticn band. 1n
4n, and 5n with n< 104 cn=3 have R(T) and {1} curves whose shape 153
characteristic of zeparate banda. The slope of the log o = r(1/T) curvasg
becomes steeper with decreasing i1mpurity ccncentration. The results indi:cate
that in n-type InSb, the impurity band is not as marked as, for instauce, in
Ge or p-type InSb: The maxima of the R(T) curves are very weak, ani the
o(T) curves drop more slowly thLarn in the case of Ge or p-type InSt. Ro
attains a hign value at heliuin temperatures, 1.e., t.e electr ns in the
impurity band have a high mobility which equals abcut that in the coniuction
band. With a drop of temperature, Rd decreages more slowly tran in p-type
InSb; at helium temperature, it lies between 102 and 109 cm‘/v-sec. Also
OQf¢o = £(H) is graphically shown for the different cases studisd. For
specimens with n <1014 cm=3, thes~ functions differ congideratly froum thLose
for specimens with n~10'5. 4t low cencentrations, cacillationg of tie
resistance in a magnetic field were not observed. Specimens tn an: én ex-
hibited negasive Au/\o values in a weuk field at helium temperatures.
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Specimens 3n, 4n, and 5n with impurity concentrations of less than 1013 cm’j
had no negative Ag/go values. Electron mobility in the impurity band de-
creases quickly with rising H. In a transverse H-field, gpecinmens Tn, 8n,
and 9n with impurity concentrations of about 1015 cn~) showed resistivity
oscillations, fron which the electron concentrations were calculated und
then compared with those calculated from R. Agreement was gatisfactory.
There are 8 figares, 1 tableyand 3 references: 2 goviet-bloc and 1 non-

. goviet-bloc. The two most recent references to English-language publications
resd as follows: E. H. Putley, Proc. Phys. Soc. 13, 128, 1959; R. F. Broom,
Proc. Phys. Soc. AR 459, 1958.

ASSOCIATION: Fiziko-tekhnicheskiy institut im. ekad. A. F. loffe AN SSSR
Leningrad (Institute of Physics and Technology jmeni
Academician A. F. Ioffe, AS USSR, Leningred)

SUBMITTED: August 25, 1960 (initially) and November 3, 1960 (after
revision) X
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AUTHORS: Lien chin-ch'ao and iiusledovy De N.
TITLE: Electrical and galv :nom ratic properties of p-type InSb

crystale at low temperatures
PERIODICAL: Fizika tverdogo tela, V. 3, no. 5, 1901, 1458 - 1464

TEXT: While the behavior of Ge and Si at helium temperatures has been stud-
jed repeatedly, the conduction mechanism of p-type InSb crystals is as yet
hardly known. Results available 8o far (Ref.2: H. Fritzsche, K, Lark-Horo-
witz, Phys. Rev., 99, 400, 1955; Ref.3: E. Putley, Proc. Phys. SocC., 13
128, 1959) point to the existence of an impurity band. Crystals prepared
here by zone smelting, 8:1.5¢1.0 == in size, and with carrier concentrations

of 1013-101) cn-3\3t nitrogen temperature were exagined by means of cold-
resisting soldered probes in the temperature range from liquid nitrogen to

1.79K as to their conductivity and galvanomagnetic behavior. The concencen-

trations of carricrsat 779K were 1.2.1013, }.0.1014, 1.9.1015, 4.9.1015,

5.1.10'4. 1.3.1014, and 7.9.1015 em~> for specimens PS5, 3P, P6, 4F, 7P, 8P,
card 1/64
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and 9P, respsctively. In specimens with an impurity concentration of

1014-1015 cm-j. resistivity and Hall coefficient R were found to attain

a maximum and to drop abruptly thereupon; this is in.agreement with data
from Refs. 2,3. The ascent of the curves log F = £f(1/T) gives the activa-
tion energy. The product R& in the specimens 4P, 6, and 3P (Table 1)
growe alowly with dropping temperature, passes through a maximum, and then
drops abruptly, whereas in the otner specimens the character of the curves
is basically the same but Rg drops more rapidly with rising temperaturc.
Since the ccnduction mechanism depends on both the gcceptor ard the donor
concentrations, these concentrations were determined separately (using the
law of mass action) in the region of impoverishment at helium temperatures,
under which conditions all impurities may be regarded as being ionized,

and the concentration difference NA - WD depends upon the Hall coefficient.

Table 1 gives the calculated values of acceptor ard donor concontrations,
and the activation energy for specimens 4P, 6, and 3P; the fact that the -
activation energy depends on the compensation of impurities was taken into

account. The form of the curve log R = £(1/T) for specimen P5 (hole concen-

card 2/€¢
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tration, 101} CI-}) points to the presence of two diffsrent types of ac-
ceptors with activation energies 31 and 32; they appear in various temper-

ature ranges. All acceptors are ionized at nitrogen temperature, and the
difference between acceptor and donor concentrations (31 + N2 - ND) can,

3

therefore, be detemined from R. The values 81-2.).1012, 112-2.24.1()1 , and

nD-2.24.1o'5 o~} were found. The behavior of Ge, Si, and InSb at helium

temperatures cannot be explained by the usual theory of semiconduction.

In specimens 4P and P6, Re was 5 and 32 0-2 /v. sec, respectively. The hole
mobility P in the impurity band was assumed not to depend on teaperature,

whose concentration attains a saturation value, with rising temperature
which is larger than the acceptor concentration.

Card 3/45
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Specimen ll‘,‘,cm.3 ND.cn-5 pz,cm'3
froma data (saturation value)
according to
logR=£(1/T)
4P 5.09.10"2 1.16.10"4 4.7.10"%
Pé 1.97.10"7 8.0. 10" 6.6.100

This indicates that not all the holes reaching the impurity band contrib-
ute to conduction, and that, therefore, some experimental results on impuri-
ty conduction disagree with the usual oconcept. The sctivation energy of

acceptors in p-type InSb amounts to (7 - 9)-10'3 ev, The calculation of R
as & function of 1/T yields values that are in good agreement with experi-
mental ones. A thermal treatment that changes the properties of InSb
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strongly, causes the activation energy of acceptors to increase to

(1.4 - 1.6).-10°2ov. while the concentration depends on the conditions of
the thermal treatment. There are 5 figures, 2 tables, and 13 references:
3 1 Soviet-bloc and 12 non-Soviet-bloc. The most recent reference to English-
" language publications reads as follows: E. Putl‘ey. Proc. Phys. Soc., J3»
128, 1959- . .

ASSOCIATION: Fiziko-tekhnicheskiy institut imeni A. P. Ioffe AN SSSR
Leningrad (Institute of Physics and Technology imeni A. T.
Ioffe, AS USSR, Leningrad)

SUBMIT 'ED: January 4, 1961
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AUTHORS: Zolotarev, V. F,, and Nasledov, D. N,
T1fLLb: Noise of p-itype indium antimonide in & mugnetic field at

room temperature
FERIODICAL: Fizika tverdogo tela, v. 3, no. 9, 191, <¢635 - 2039

T:=XT: It has already (Refs.!' - 4, see below) been found that the noise

of photomagnetic effect is of the same order of magnitude as thermal noise,
The authors studied the photomagnetic-effect and current noises in thin

(8 - 10u) InAs monocrystals in a transverse magnetic field. The acceptor

. 16 -1 . o .
concentraticn of the crystals was 5.10 bcm . A spacial preamplifier w«ith

an equivalert noise input resistance of only 8 ohms was designed for the
measuremente (Fig. 1). The main amplifier used was a type 28-UM(28-IM)
with an input trensformer removed for pass-bund broudening. The .aoise
voltage at the output was measured by means of an AM-1-50 (AN-1-50,
analyzer. The output shunt of the analyzer had a capacitance of 1500:.f.
The measurements (H = 0-25,000 oe) indicated that the photoma.netic .. ises

Card 1/3
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have a white spectrum. Uioise = 4kTR f, where R denotes the resistance of

t.e specimer. in the magnetic field, This formula has been experimentally
verified several times. The specimens exhibited remarkable photomagnetic
sensitivity, the noises, however, did not react to an iilumination up to

2 o] . . . . .
0.1 w/cm” when heated to 800 C, i. e. tne photonic noise signal was well
below the thermal noise signal. Current-noise measurements shcowed that
both the noise-versus-frequency and the noise-versus-current curves were,

in shape, independent of magnetic field strength. The curves lnuroise =
1

g(ln £) were parallel straight lines. For fX» 10 kc/sec the cu:rent noise

]
can be described by the relation U2 a —éﬁT}-Af; the constunt A »ms of tune
_ 10 eur . ‘
order of . . 'Ine small deviations from tnis luw observed were attributed
to the e::  :ts of the contacts. The excess noise is due to corductivity
fluctuation: induced by fluctuations of the Fermi level. The relation
between mi1:ceity and majority curriers 1s important tfor that aind of
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noise, 1ts amount being determined by tne fluctuations of the majority
carriers in the semiconductor, If the currents are of sufficient strength
the noise current reaches a sort of saturation, tne cause of wnicih has
hitherto not been expluined. There are . fiyures and 9 non-3oviet
references. The four most recent references to the English-language
publications read as follows: Ref. 1: 5. J. iicolosi, Rlectr. kng., 3%,
48. 1958, Ref. 231 r. Kruse. J. Appl. Phys., 30, no. 5, '7u, 1:5y. <ef. %
S. Kurnick. J. Appl. Phys., 27, no. 3, 278, 1356. Hef. 4: P. Kruse.
slectrorics., 33, no. 13, 62, 1960,

ASS0CTIAT.ON: F.zido-tiexnnlcnessly institut im. a. ¥. Ioffe AN 550K Lenin-
srad (Physicobechnical Ingtitute imeni A. F. loffe A3 US3H
Leningrad)

SUBMIT Y wD: April 3, 1:o1
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9:4170 (1051,1035, H2>)
AUTHORS Galavanov, V. V., Kartuzova, I. A., and Nasledov, D. N.
TITLE: Measurement of the diffusion length of minority ourimn

InSd
PERIODICALs Pizike ‘tnrdogo tela, v. 3, no. 10, 1961, 2973 - 2980

TEXTs Since the characteristics of InSb infrared receivers depend con-
siderably on the minority-carrier lifetime ¢ (or their diffusion length L), X
measurement of these quantities is of great interest. The authors used

the Waldes method to determine L and ¥ in n- and p? ype InS%sinflo
orystals having impurity concentrations between 10'“ and 10 ™/,
determined by the Waldes light-probe method. For weak illumination
intensities, when the collector photo-emf V (kT/5e¢ (e - electron charge),
V is proportional to the light-induced minority carrier concentration.
When the surface recombination rate is small, V = Vooxp(-x/x.). in the dark ‘ !

(x - distance from the illuminated region). This relation holds for one-
dimensional geometry. In axisymmetric geometry V = Voexp(-x/L)/Yi". It

was to be found experimentally which of these formulas has to be applied.
Card 1&( '
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. ] The 0,2 « 2 am thick test pieces were polished and then etched with (P-4A
*§ (SR4A).: They were placed in & vacuum ocryostat with an NaCl window. The
light inoiding on the specimen was interrupted by an 800-cps chopper. A )
“tungsten or phosphor-bronse point served as s collector contast; s 26-4M v\/
(26-IM) amplifier was used to messure the xurublo photo-emf on it. The
‘measurensnts were sade between 100 and 200°K., The ocarrier concentration

~in the specimens at 17°! was determined from the Hall effect, L was deter-
mined from the igclination of the straight.line logVef(x). T was deter-
mined from ¥ = L°/D where - s ( — :

D:==D.—--—J—,~ : (‘)

Dp-ﬁ’k'r/o being the hole diffueion oooffioi'o:t.” b= nn/up, the mobility
: x}qtio.-po and n, the equilidbrium concentrations. Por 1ntr1nli.9 con-
~duotivity D' 2bnv/(bf1).> In the case of impurity conduotivity, D = D,
-‘for netype, and D = D"‘ - unk‘rlo for p-type speoimens. The carrier con-

centration in the intrinsio-conductivity region o.t InSb. is given by

.chd 2/4 '

e ————

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1

| 29688 5/1681/61/003/010/610/036
Measurement of the diffusion... B102/B108

nis 6.1014'1‘3/20:})(-1510/'1‘). The temperature dependence of T can be seen in

Fig. 4. "hen temperature drops from 170 to 120°K, ¥ decreases to less than
one hundredth its value. In this range the temperature dependence of 7
obeys the Shockley-Reed law. It is shown that the experimental curves

7 = £(1/T) agree with the formula o BTm Zeoms (12)
Ro+ po VW ’
which holds for a neutral crystal and radiative recombination. N are

n,p
the majority-carrier concentrations in an n- or p-type crystal in the

region of impurity conductivity. v = 2:‘11-11/1‘1n P holds for the impurity-
1
conductivity region (ni«Nn p)' The straight line courresponding to Auger
]

rocombination is too stoep. Results: (1) No correlation was found between \X
L and the impurity concentration. (2) The data agree with the radiative-
recombination theory for b® 600 - T00. (3) The difficulties arising in the
interpretation of the results may be due to an inaccurate measurement of L
ard an inaccurate calculation of ti. There are 5 figures, 1 table, and

24 references: 9 Soviet and 15 non-Soviet. The three most recent refer-
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ences to English-language publications read as follows: R. A, Llaff,

H. Y. Fan. Phys. Rev. 121, 53, 1961; R. T. Landsberg, A. R. Beattie.

J. Phys. Chem. Sol., 8, 73, 1959; R. N. Zitter, A. J. Strauss, A.E.Attard.
Phys. Rev., 115, 266, 1959,

ASSQCIATION: Fiziko-tekhnicheskiy institut im, A, F. Ioffe AN SSSR

Leningrad (Physicotechnical Institute imeni A, F. Ioffe
AS USSR, Leningrad) .

SUBMITTEDs  April 28, 1961 SR X
M o6, ) cu? Ry o e o e e I

Legend to the Table: (1) Number of ¢ .| *° wecom | ewtie’ com. ®

the specimen, (2) voltage.
1314 | 14.10m | — 9-10¢ | 9.1 | 100
13p1 1-1013 - 1.5.108 3.100 50
15p5 S- 10t - 2-108 4.100 50
16p1 1.1018 - 6-10¢ 2:108 30
12n2 —_ 2.1012 7-10¢ 102 700
1342 - 2.101 2-106 .10 650
13a3 - 3-1013 | 45-10¢ 13 45
14n6 - 6-10¢¢ | 12.108 2.108 60

Card 4/}‘\ .
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0
%‘#W B102/B138

_AUTHORS ; Zolotarev, V.FP., and Nasledov, D. N.
TITLE: Photomagnetic effeot in P-type InSb at rooa temperature L

- PERIODICAL: Fisika tverdogo tels, v. 3, no. 11, 1961, 3306-3313

TEXT: Photomagnetic effect (pB. &, ¢.) 1n p=type InSb was measured at room

" temperature and at i, 44y congentrations fros 1.2.10'6 ¢ 1.3¢10' Ton">
in fields of 600 $0 16,000 0e. The photomagnetic e; m. f. was measured .
by aeans of a ssnsitive 20 i (281M) amplifier. The specimens were . 1

illusineted by a hot poiat (800°C) with an intensity of I« 8.107 w/on?.
The 1ight flux could.be modulated sinusoidally with a frequenoy of 500 ops,
" The speoimens, 0.6 2 .« 6'-’ large, were etched with P-4 (3B-4). The
lux-volt cmutdrioﬂoj were found to be linear between 8+10~2 to 8-10~>
-/ca2 l1ght intensity. Prom the straight lines Hz/ii - 2(32) the electron

Jgere ygS

X

e S RS e 2 by et o ey o

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1

R B AR N £ DCa ) R { L S L R VR PR :
T T R B B O e T T R Sl LIS EE . . i,

: s/181 /6 1 /005/01 1 /ooa/056
Photomagnetic effect im p=type ... B102/B138

20bility was determined using the relation pha -!, 1*5" \708 oa /v'uc.

1
The values determined in this way differ from those calculated from R,

- am % (81l aoefficient and conductivity at roos tesperature), shich are 5
' denoted as ¥ In Fig. 3 the ratio “ph-/"e is shown as a function of g
impurity comcentratioa Py (acoeptor concentration). All specimens showed

. & linear dependence of piotomegnetic e. m. f. and H for weak fields.
’ Por thick specimens (d\\ d) the ohert-circnit current is given in Ref §

here b '--c-*ui"i. (6) | ‘: 4
) | B8 : :
e

and the smdipolar-diffusion length by

Car 2// S
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(l‘ !l - ‘)'/o
(7)

if the relaxation time is e: onorcy-dopondent. If it is not,
> ]

1\ @

{ -(1-0- )
(1) b
and ' 7.. ! |
[ - la(t +qh h
ll+W+h(l+T)| (2) ‘ -
nold. ¥ denotes the Eall mobility of the carriers, f and 4 are the | !
kinetic integrals, o the electron-to-hole oconcentration uug. T the “:':

.:oluation time, s the uoonbtmtion rate on an illusinated surface, I
he number of qnanu inoident per ol ’ 1 the electron diffusion length? x ¥

Card }//5’
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b the electron-tbehole mobility ratio. In the photomagnetic effect the
ratio between short-oirocuit current and photomagnetic eaf is given by
Ve ° 1.1/“. d is the thickness of the sample, 1 the distance between

"the contacots and ¢ thi conductivity in the magnetioc field. The quantity
‘7-81/16 was found to be between 0.01 and O.1. For such small values the

change in ambipolar diffusion lonéth,in the magnetic field from
me1/vph.2 - 1*82“/16' vyhﬁ is the photomagnetic emf of & specimen

with illuminated etched surface, V phn2 the eaf of the same specimen whose

polished surface is illuminated. The results show that the theory of
photomagnetic effeot which is baused on the solution of the kinetic current
equation fita the experimental results better than a phénomenologic

theory. For thin specimens

1—o™
Vo _ ' "W (13)
"5'.‘ r-..-—g——l‘“i

card 4//3/
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holds. BHole ooncentration was measured as a function of acceptor
concentration and was found to deorease with increasing Py For
p1~101601'5. “p was found to be 1700 0l2/v-aec if the free-carrier
oonoentration waes assumed to be 1.6010160n'5. For yp theory yieldo

3600 ch/yoooc; There are 6 figures and 14 references: 4 Soviet and 10
pudblications read as follows: P, W. Kruse. J. 4ppl. Phys., 30, Fo. 5, 770,
1959; C. Hilsum, R. Barrie. Proc. Phys. Soc., [1, Ho. 460, 1958; R. N.

Zitter, A. J. Straues, A. E. Attard. Phye. Rev., 115, Ko. 2, 1959;
G. Hilsum. Proc. Phys. 8oc., 16, No. 489, 1960.

ASSOCIATION: Fisiko-tekhnicheskiy inetitut im. A. F. Ioffe AN SSSH
Leningrad (Physicotechnical Institute imenmi A. F. Ioffe
AS USSR, Loningrad)

. SUBMITTED: May 18, 1961 ' J(
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AUTHORS: Komolova, T. I., Xasledcv ..

TITLE: study of statf:,;;I::;;;;::—_iiﬁu“
made of semiconductive titsr..”

PERIODICAL: Fizii; tverdogo tela, v. 1,

TEXT: The authors gtudied the static v .7 =i

rectifier elements at temperatures ran.,.7:

+240°C, using a highly stable thermostat (u var:ant °f K. Onnes’ type).
Ti0p films, 20 by 20 mm, were produced =n titaniud ria%es previously
polished, etched, and oxidized in water va; ~: a: 90CYC for 2 hr.
Subsequently, they were cooled to SOOCC 17 . +.a~= and further cooled

in air to room temperature.
depend on voltage like

I Io(eq

§ = dimensionless coefficient.
goes over into a linear one:

Card 1(?}/
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conductivity at zero voltage.
specimens always showed similar result's.
characteristics for specimen ro.
cutoff voltage and the resistance rg
for each temperature. The voltage V

Wk

0.5-0.7 v at +240°C. The volume resiz*x
inclination of the rectilinear section

increased from 4.5-10 ohmecm? at nit:

+ 240°C. r_ is an exponential functi-:z
energy of 0.16-0.18 ev is obtained.
high values of § appears cn the direc:
characteristic for Ti0, rectifiers at

03/13/2001

Measurensr -

1 at -

<y

oy

to the existence of two exponential a- .

(Io1> 102) follow for §,P B, from the

Fig. 4 shows the initial parts of ke +.
specimen no. 1 at =79, +18, and +1C8“C.
branch of, the volt-arpere character. .
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voltage, represents the current strength as a linear function of the !
voltage. The inclination of this straight line represents the conductivity
of the rectifier at zero. From 2-3 v onward the above-mentioned linear

function goes over into the exponential function Iinv = Iinv-OGXP(av)’

where a is a temperature-dependent coefficient. The type of rectifier
concidered here behaves like other semiconductor rectifier. The rules
established here can be described by tie formulas of the theory of p-n
junctions. The high values of chtuff zcee with the large width of the

forbidden band. There are 6 figures and t references: 1 Soviet and

5 non-Soviet. The three references to Engl sh-language publications

read as follows: H. C. Gorton, T. S. Shil iday, P. K. Eggleston. Electr.
Eng., J4, 10, 904, 1955. C. T. Seh, R. N. "v,.~. W. Shockley. Proc. IRE,
459, 9, 1228, 1957. R. G. Breckenridge, = .. Hoslcr. Phys. Rev., 91, d(
793, 1953.
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ASSOCIATION: Fiziko-tekhnioheskiy institut im. A. F.'Ioffe AN SSSR
Leningrad (Physicotechnical Inatitute imeni A. F. Ioffe

AS USSR, Leningrad) \X

SUBMITTED: June 13, 1961
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AUTHOCRS: Meamayev, 8., Nasledov, D. N., ard Galabanov, V. V. .
i
TITLE: Electrical properties of the s~ticuniuctive solid solutions

xCdSnas, - y (21Inas)
PERIODICAL: Pizika tverdogo tela, v. 3, no. 11, 1961, 3405-3413

TEXT: Electrical conductivity and Hall constant R were measured in the
temperature interval of 77-950°K on 14 different compositions of the
system xCdSnAl2 - y(2InAe). The measurements were made in a constant

nagnetic field of 6700 ce by a compensaticr. methcd - in vacuo below room
temperature, and above room temperature, in an argon atmosphere.
Spectroscopically pure Cd, Sn, and In samples were used for the purpose,
The compositions of the test samples (values x and y) are listed in the
enclosed table. Figs. 1 and 2 show the elactrical conductivity as a
function of the reciprccal absolute temperature. In the interval of
77-280°K, the electrical conductivity of the samples is virtually
independent of temperature; only the electrical conductivity of samples

\
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5at1, 1n0, and 2n} slowly decreases with ircreasing temperature. At Ligh
temperatures, from ~ 350°K onward, 0 incredcss ex..nentially for all the
compositions examined here. The cornstar .y . 3 and R cver a wide range of
temperatures is indicative of a degeneracy ut low temperatures, At high
temperatures, the Hall coanstant decreases exponentially with increasing
tenperature. At low temperatures, the product (R,0), which characterizes

tre carrier mobility, is virtually independen: of temperature. It

increases considerably with rising tempararture above 250°K and decraases

agein above 600°K. The unvarying sign >f R, which is characteristic of Vs
the test samples (except 1p99 and 1p399), is “bviously due to the fact

that, owing to the high impurity concentre-i:n in the samples, pure

intrinsic conduction is not yet reached ir. *he temperature range in

question. The mobility ratio is almost eq:al t- unity. At b = 1, R

decreases exponentially (exponentAE/kT) within the region of intrinsic
conduction. If the order of magnitude ¢f t is urknown, the error involvedi

in the determination of AE from the RET% curve may reach 100%. In this

case, the value of AE obtained from o(T) is mire exact. Fig. B8 contai.s
values of AE as a function of the composition of the test samples. The
values of AE obtained from R(T) and /T’ i:ifer only slightly. The

Card 2//()’
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5/181/61/003/011 /026 /056
Eleotrical properties of ... B8125/B104

for interest and advice. There are 8 figures and 9 references: 5 Soviet
and 4 noneSoviet. The three references to English-language publications
read as followa: A. I. Strauss, A. I. Rosonbery. Bull. Ameriec. Phys. Soc.,
i. 83y 1960; A. I. 8trauss, A. I. Rosenberg. I. Phys. Chem. Sol., 11,

7‘. 1961. H. Ehrenreich. Phy.o R.Vog J_;Z_Q. 6, 1951, 19600

ASSOCIATION: Fisiko-tekhnicheskiy institut im. 4. F. Ioffe AN SSSR
Leningred (Physicotechnicel Institute imeni A. F. Ioffe
AS USSR, Leningrad)

|
forbidden-band width of CdSnAe, is 0.26 ev. N. A. Goryunov is thanked }‘
i

SUBMITTED: June 15, 1961 \/ ‘
v !

Table. BRlectrical. properties of the samples.
Legend: (1) nuaber of sample; (2) type of conduction; (3) and (4) composi-
tion; (5) modility; (6) conductivity.

card 3/8h 7
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'BAKAYEV, A.V.; GELLER, I. Kh,; DORIN, V.A.; ZAKHAROV, M,P.; NASLEDOV, D.N.;
SOLOV'IEV, R.A, - -

Method for investigating potential distridution in selenium
reetifying cells. Zav.lab. 27 no.10:1240-1242 *61, (MIRA 14:10)

1. Leningradskiy politekhnicheskiy institut im, M. I, Kalinina,
(Selenium—Electric properties)

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1"



"APPROVED FOR RELEASE: 03/13/2001

CIA-RDP86-00513R001136110016-1
e | e —

Lo

e i
2. Bl sk At B

NASLEDOV, D.N., prof.
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. 1 no.ll:
gemiconductors in science arnd technology. Vest. AN 3553( HgRA )

[ ]
6587 ¥ ‘1. (Semiconductors)
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Temperature dependence of the... R108,/B13

mens. A zone model with two recombination levels in the forbidden btant {s
suggested. The trapping crosa section for electrcns and holes in thiz mode;

-1 -1
are Gi >~ 10 6 and cb ~ 10 b cmz, respectively There are § figu-es &

tables, and 14 references: 3 Soviet and ': non-Soviet. The ¢‘-.r most
recent references to Znglish-language publications read as follows R
Zitter et al. Phys. Rev., 115, 266, 19%9; C. Hilsum Froc Phys ¢ 2y
81, 1959; R. Zitter. Phys. Rev., 112, 852, 1958; R. T Lanisberg. & X.

beattie. J. Phys. Chem 5Sol., B, 73, 1959.

ASSOCIATION: Fiziko-tekhnicneskiy institut im A F
Leningrad (Physicotechnical Institute 1m
USSR, Leningrad}

4]
0w

SUBMITTED: July 12, 96"
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ATTHORC . femel'yaneako, O. V., Kesamarly, F. r., and nacledov,
TR,
TiTLE Tnermoma retic liernst-Ettin shausen eflovts in dege.er. .

indium antimonide
FERIODICAL. izika tverdogo tela, v. 4, no. o, 1960, Y44-545

TEXT The temperature dependence of the longitudinal and the transverse
Nernst-Bttingshausen effects was investigated in weakly and strongiy
iegenerate InSbh single crystals in the range 100 - 6000K. In+Sb were
mixed in stoichiometric ratio, melted and doped with Je; the Czochralak.
method was used to grow electrically homogeneous sin,le crystals wit: gqr

. 16 1 -3 \
alectron concentr:tior of 10 - 10 9cm o The crystals measursd ro..j M

following characteristic parameters at room temperatur. -

Zard 1/€
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L2kl
3/181/62,6347 02,035 = -

Therumomagnetic Nernst-Etting:huusen ... B102/B135

rumber of speciaer 17n 13n

i
. e 17 18 ?

2lectron concentration 4-1¢ 3.0 2 10 Tcm
mo¥ility 6G, 000 40,0006 o0l cmt, Iy
1egeneracy 0 4 + 14
inearity of K-E effects

up to 8G0 1500 10,000 o
measurement of temperature
deperdence of H-E effects 60C 100 4C00 ce
“3n and 7n had lapurity conductivity, 17n - mixed conductivity i

*ne hole mobility and the role of the holes in the trerzomagnetin w:f.
wap m'~h sv-ller than that of tne electroas, the theory of pure impur:- ;
~orductivity 2 applicucle for all gpecimens The results ghnow '3

for InSb, as for Inis, at higher temperitures tre electrons are ma.r.y

Jard 2/4

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-000011361016-1 .
——Cau R A R R R A S L (R S A -

LRE A FV

s

5/181/62/004,/002/039/051
Wheirnouainetic Nerrot-Ettingshausen cee B102/B138

¢ ttered from acoustic lattice vibrations (kl, Q;)Uj. Lattaice
“eatllering increases with the degree of degene¢racy. There
~nd I references; 7 Soviet-bloc and 2 non-Soviet bloc.
tou the Eniilish-language publigution reads as follows: H. Ehrenreicy,,
vhyse Chem. Gol. 2, 131, 1957. '

are ¢ i
The refercier

v oLCTLTTION: Fiziko-tekhnicheskiy ingtitut im. 4.
Leningrad (isaysicotechnical In:
AS USSR, Leringrad). Ins
(Institute of Physios A3

F. Ioffe AN Lo
titute imeni A, F. Toffe
titut fiziki AN Az, SUl Baku
Azerbaydzhanskaya Sok, Buku)

SUBLITTLD : Septenber 13, 1961

i'ig. 1. Temperature dependence of

A for 17n (1), 13n (2) and 70 (3).
Fig. 2. Temperature dependence of ¢ for 17n (1), 13n (2)y and 7n (3).

< and (* given in cauM units.
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B102
AUTHORSs Zotova, N. V., and Nasledov, D. N.
TITLE: Galvano- and thermomagnetic properties of p-type indium
arscnide
PERTODICAL:s Fizika tverdogo tela, v. 4, no. 3, 1962, 681 - 684 )
TEXT: The authors measured the coelficient QL of the transverse Nernst- Jf

Ettingshausen effect, the hole mobility, and the Hall congtant R of

p-type Inas. The results showed that in the rarnge 95-350°K the carrier

scattering from impurity ions passes over into scattering from phonons.

Tre crystals (specimen 1(+2n): p = 1.8-1015, specimen 2(+Cd): p = 2.6'106,
1 -

specimen 3 (+2n): p = 2.8+10 9 cm 3) were produced by doping n- type Inis

with Zn or C& of a puritygp 99.99%. The carrier mobility measured decreased

with increasing temperature, but more slowly than according to the

Tw3/2 law which holds for pure scattering from acoustic lattice vibrations
The Nernst-Ettingshausen effect must be negative for scattering from

Cerd 1/3
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3/181/62/004/003/018/945
Galvano- and thermomagnetic ... B152/B102

impurity ions, positive for scattering from phonons. For specimens 1
ané 2 in the temperature range investigated, Q* first tends to positive
values, but then assumes high negative values due to the mixed conductivity

occurring at 300 - BSOOK. From 1 - r = 2.32-104'.11' Ksﬂ/uH (/;«- reduced
Fermi level, K ”) = factor tzking account of the degeneracy of the carrier f
gas, Uy = Hall“mobility of tkre holes), the effective exponent of 1--vT can

be calculated, where 1 = mean frece path of tnhe carmiers, v = their thermal
velocity. r = 4 for scattering from ions, r = 0 for scattering from
phonons. The measurements showed a decrease of r with increasing tempera-
ture. The authors calculated the effective mass of the holes from the

differential thermo-emf (oL = k/e l (&‘/2‘}2)3‘!_/2*’1 @/Qr/?}ﬂ )Fr/:gg'a) —/14/’,

and from the known hole concentration p = (m;/m)3/2(4/ﬁ)(?fmki‘/hz)s/%‘wm,
(I“@- Fermi integral) the effective hole mass m; can be calculated. m;

decreases with increasing temperature; in specimen 3 with the strongly
degenerate hole ga., it is much greater than in specimens 1 and 2., 0. V.
Card 2/3
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Yeriel'yanenko is thanked for discussions. There are 4 figures, 2 ta%! s,
and 5 references: 3 Soviet and 2 non-Soviet. The reference to the Znglish-

language publication reads as follows: C, Hilsuw, A. G. Rose-Innes,
Semiconducting III-V Compounis. Perpamon Press N. Y.-London-Paris, 1961,
ASSCCIATION: PFiziko-tekhnichesckiy institut im. A. F. Ioffe AN 333R
Leningrad (Physicotechnical Institute imeni A. F. Ioffe
AS USSR, Leningrad) f

SUBMITTED: November 3, 1961
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a4 a7l 5/181/62/004/304/021/042
3104/8108

eyt aTy o 1 . - . " - N P -~ ' -
AUTHORS: Zolotarev, 7. F., ast Nasleacv, I, N.
- ——

TITLE: Deperdence of the tiyolur 417%1s3isn lon-tn sni of the
sum of ‘he Jail movilities of tne curr.ors ia P=-iype Inddb
on the wagnetic Ticid strength at roonm temperature

PERIGDICAL: Fizika tverloso telu, v. &, nc. ., 1312, 377 - &2

TzZX7: Bauzples were cut gperzeniicz.larl to tae directisn of crystai srowth
(5-1.50.3 am). Taey were pc.isnc: nechanically on one sidie, anz electro-
lytically on the other. %he photcma.nziic enf was determined with
illcaination from botn sides sepurutelv. The Ezll coefficient of the {’
samyles examined at 193°n was3 hetweorn 2,05 and 73,000 em//Coulomb; the v
v -
t

. . I . 15 -
acceptol concentration was between .61 7 ani 1,7410 co 5, and tne Hall

-J

coeflicient at room tempera<ture =as ana + 3.6 cmj/Coulomb.

e =
s L 5C
It is concluded from experimeéntal and theoretical resulis regarding the
Hall mobility of carriers in & magnetic fieli in different scattering

Card 1/2
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e

Dependence of the bipclar 1i7fusi.n

processes that the carriers are s-utsersl Ir

S ,0lur laTiilce V1drazions,
from impurity ions, from free carric I

*on &louwstic vibrations. 1b

was not possible to estimate tne contrinutions of the various
gcattering mecharisms. There are < Ji-urcs ani 1 tuaole. \f,
AGSGCIATICN: Plziko-tean~: LnELLLUL In. o a. P o Ioffe AN SSSR

Leningrai inenr a. F. Joffe

A5 U:G%,
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27,7000

A0THORG: ggﬂlgdnx+"ﬂ4_ﬁi, Rogachev, A. Ay Ryvkin, S. M., and
sarenkov, B. V.

TITLE: f2combino.tion radiation of gellium arsenide

. HIODIZAL: Fizika tvardogo tela, Ve 4y N0« 4, 1962, 1062-1065
TEXD: .onocrystalline n-type InAs plates with an electron concentration

17 - i '
of 410 7cm 5 were used to study the intrinsic recombination radistion. ‘-

A p-n junction of ¥0.1 cm2 was produced by diffusion of Zn or cd intc the
Inis plate. The nonequilibrium carriers were excited by pulsed
injection through the junction. The radiation was observed in para.lel

At 77°K the emission spectrum has a narrow

to the p-n junction plane.
) and two maxima at lower

peak ut 1.47 ev (optical self-abaorption edge
energies which are in connection with recombination via impurity levels.
One of these levels is 0.2 ev distant from the middle of the forbidden
bond, the other 0.25 ev from a band edge. The relative height of all
paxima depends on the current density through the. p-n Jjunction. At less

card 1/2
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5/181/62/004/554 /532, 4%
Reconbination radiation of gallium ... B102/B104
then 1a/cm2 only impurity radistion is observed, then intrinsic radiation

arises and increases rapidly, and tetween 10 and 100 a/cm2 the relative
height of the maxima remains constart. The results can be explained dy
assuning volume=-charge recombination at weak currents and injection at

nign currents. At above 10 a/cm2 the emission intensity increasesn
linearly with the current density through the p-n junction and decrnacac

only above I;«r‘lO5 a/cmz. The forbidden band width is temperature-lnpondent

according to the law (1-51-5-6-10-4T) ev. The intrinsic emisuion Lli=e
nurrowing observed at high ourrent denaities ocan be axplainoad by inverse

band filling (production of athten with "negative Lamperature™) or by
assuming that the injected carrlers cause degenernte filling of or bonld
only. The latter possitility is more probable. There are I [igur-i.

ASSOCI.TION: Fiziko~tekhnicheskiy ingtitut im. A. F. Ioffe AN S..0,
Leningrad (Physicotechnical Institute imeni A. F. loffe
AS USSR, Leningrad)

SUBMTITTILD : January 11, 1962
Curd 2/2
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Q.4177
AUTiE0R S nikhaylova, ile Pey Jasledov, D. Y., and Slobodchikov, S. V.
R - T . .

TIVLE: ~hotomagnetic effect and photoconductivity in In?

cailusiCal:  ilzika tverdogo tela, Ve 4, DO« Dy 1962, 1227-1252

TEXT The photomagnetic effect and tne photoconductivity of n-type In?

. - o . . 1

tigated =% 109-3¢0° X for carriler concentrations of n=8.4°10 6

- L 0. . . ~AnO.
to 2+10 o > as 3007, Tue photoelectromotblive force at 300 K up to
~BLUC oe increases linearly with the ma.netio field strength. The
protonegnetically induced photoelectromotive force of an electron
. A , . . N . . rr 7 \ . o
] " * i m = i ] = i .
sesicornductor wits impurities is me Iorh,\l/trH) with L = (D om

\

7rc (1/tn1). 1 and t denote

The phctoconductivity is then Vpc = Io
lenzta and thickness of the sample, D is the diffusion constant. The
iifetizes gpj and oo are to be deteramined from photomagnetic effect anc
snotoconductivity, respectively. The photoelectromotive force decreases
with decreasing temperature. At the same time, photoconductivity increases

card 1/2
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S/161/62/G04/005/022,/G55
rhotozagnetic effect and ... 3125/38108

by more than ten times. It decreases at modulation frequencies of

-+100 cyc.es. The electror lifetime at jOOOK is 1.7-10-5-2.2"10-3 sec, Q*’
6 -7 |

trat of tne minority carriers is 2-10°° - 2.510 sec. The diffusion
ilength of ihe noles increases with increasing temperature. This
-ture dependence is caused by the decreasc of the hole lifetime with
azir; vegperature. The electron Jifetime increases with subsiding
ratu;e. There are 5 figures. 7O most important English-languaze
nce is: C. Hilsum, B. Foleman. o&eeding. International Conference
Serm 1concuctor Physics. Prague, 1960. :

2
[

i
o
[¢] m cf

"

F et (U et
’1 18

© @ o o
il 0

U

on

~Toan

wwwwliaVICH: Piziko-texnnicheskiy 1nst1.u* imeni A. F. Ioffe AN SS:iR
Leningrad (rhjsbcotechniﬁaa Institute imeni 4. F. Ioffe
AS USSR, Leningrad)

WU ITTID: Jecember 26, 1961

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1"



SE: 03/13/2001  CIA-RDP86-00513R001136110016-1

N

[ ST B S S

R Y
379L5
il 2450 s/181/62/004/605/043/055
i 3101/3108
T 4177
AUTZCAS:: Gutkin, A. A., anc Nasledov, D. XN.
TITLE: The depencence of tane long-wave lizit of tne photo-effect in

p-n junctions c¢f ais on the eleciric Tield

»_AICDIcals Fizika tverdogo tzla, v. 4, no. 5, 1362, 1360 - 1363

)
7.47;:; Tne variation of the photocurrent from Gais crystals unger trne JP
action of a strong electric field was investigated. The long-wave edge

of tae spectral characteristic was deterained for a Jaas photo-dioccde with
os-n iunctioa. Results: (1) In the photon-energy range of 1.39 - 1.415

“ ev, the spectral charzcteristic is parallel to the curve for the absorp-
<ion coefficient k = f£(Xw) (sf. T. S. Moss. J. appl. Phys., 38, 2136,
1361) in the absence of an electric field. {2) “hen fw is less than
1.39 ev, the spectral characteristics for various voltages in the back
direction begin to diverge. Hence, « Eecones a function of the field

it +a'{, 2

strengtn., It was founé thatv I h" \kdx when k{1/\r’i. Here, Iph is the

daw/2
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s/181/62/004/cC5/043/055 .
* The dependence of the... 3101/B8108 #*

photo-current, W is the width of the space-charge region (= crystal), x
is the coordinate counted {rom tae center o the space charge. {3) The
probability a(y) of guantum absorption was calculated Irom

alw) = .:’Azz/m”m(éo-hw)s‘/‘?}exp {-(4\."5::1'“/3%2.)(to-n;‘;)s/zz, where £ is the \7L
field strength, A is a constant, m“ is the reduced mass of the carrier
pairs, ana go ig the forbidden band width. Assuming z, = V.07 LI mp

- 0.6 @y and to e« 1.38 ev qualitative agreement with experimental cata

wzs obtained. (a) I1f ﬁu«eo, carriers excited by light in regions Where

% - 0 make large contributions to tne photo-current. There are 2 fig-

ures.

ASSOCIATION: Fiziko-tekhnicheskiy institut im. A. ?. Ioffe AN 5085
(Physicotechnical Iastiture imeni 4. F. loffe, AS USSR)
Leningrad

SUBLITT&D:s January 19, 1962
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AUTHORS ¢ Vinogradova, k. I., Galavanov, V. V., and Nasledave D, N..
TITLE: sep:ndence of carrier mobility on the i-purity concentration in

In3Y crystals
2E?I0DICALs Fizika tverdoso tela, v. 4, no. 6, 1962, 1672 - 1674

TEXT: The authors studied this problem as little information has been
available. w~easurements were made at 77 and 500°K. The hole mobilities
et brth temperatures are virtually the same; they decrease with increasing
impurity concentration. Llectron mobility decregses'slightly with in-
creasing impurity concentration at 77 K. At 300°K it rem~ins constant up

to 1016 cm-B, but 83 higher concer.trations it decreases and approaches the
same value as at 77 K. it low temperatures mobility is chiefly deter:zined
by the scattering of electrons from holes and pnonons. There are 2-figures,

AS30CIATIONs PFiziko-tekhnicheskiy institut im. A. P, Ioffe AN 533R lLenin-
grad (Physicotechnical Institute imeri A. F. Ioffe A3 USSR,

Geramteia weningrad)
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ZOLOTAREV, V,F.5 NASLEDOV, D.N.

Photomegnetic emf in p-type indium antimonide at room temperature
mou v$aﬂe magnetic field, Fiz,tver.tela 4 no.711952-1956 J1

62, (MIRA 1616)
1. Fisiko-tekhnicheskiy institut imeni A.F.Ioffe AN SSSR,
Leningred,

i (Indium antimonide) (Pnotomagnetic effect)
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GUTKIN, A.A.; NASLEDOV, D.H.; SEDOV, V.Ye,; TS:RENKOV, B.V,

Photoelectric properties of Gake p-n junctions, Fiz, tver, tela

4 n0e9:2338=2348 5 62, (MIRA 15:9)
1, Pisiko-tekhnicheskiy institut imeni A.F. Joffe AN SSSR,
Leningrad,

(Junction tremsistors) (Galiium arsenide)

(Photoelectricity)
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ZOLOTAREV, V.F.j NASLEDOV, D.N.

Fiz
Photogalvanomagnetic phenomena in InSb at room temperature. [z,
twr.‘:llh 4 n0.912567=R575 8 162, (MIRA 15:9)

1. Pisiko-tekhnicheskiy institut imeni A.F, Ioffe AN SSSR,

Leningrad,
(Hall effect) (Indium antimonide)
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Ay I T . B106/B104
ESEN e
AUTHORS ¢ Nasledov, D. N., and Slobodchikov, S. V.
TITLE: Th;wéf;ai}i;;;~;ropert103 of GaP crystals

PERIODICALs Fiszika tverdogo tela, v. 4, no. 10, 1962, 2755 - 2759

TEXT: The variation of the conductivity and of the Hall constant of I
n-type and p-type GaP single crystals with -teaperature was studied in the :/
range between 78 - 100°K and roon temperature. The conductivity and the

Hall effect were measured by the usual potentiometric compensation method.

The n-type samples had a carrier concentration of sbout 2-10‘7 cn". the

p-type sanples had one¢ of «:1.2'1018 cl”. and the partially compensated

p-type samples one of n;4-1o17 cl". The ionisation energy of the donor
impurities as estimated from the temperature dependence cf the Hall con-

stant was of the order of 10’2 ov. The variation with temperature of the

electron aobility shows that the latter is limjted by the scattering from
impurity ions at low temperatures. The rapid decresse at higher tempera-
tures ( > 150°K) can be explained by the dominaat scattering froam polar
Card 1/2
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The eleotrical properties of GaP crystals B108/B104

lattice vibrations. An estimate of the electron éffective mase gave

n: - 0.65-0. As temperature decresses, a considersble change in resistivity
of partially compensated pP-type GaP in a magnetic field can be observed.

e-g is proportiomal to HZ within the range of 1000 - 8000 oe. The results
°

show that polar lattice vibrations can play a significant part in the Y
aechanisa of carrier scattering, in particular for pure and for compensated
GasP of low conductivity. There are 7 figures.

ASSOCIATION: Fiziko-tekhnicheskiy imetitut ia. A. P. Toffe AN SSSR,
Leningrad (Physicotechnical Institute imeni 4. F. Ioffe
AS USSR, Leningrad)

SUBMITTED: May 17, 1962
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HASLEDOV, Dyli. ;

; SLOBADCHIKOV, S.V.
Photoconductivity in GaP., Fis.|tver. tela 4 no,11:3161-3164
N ‘62, cHviy | (MIRA 15:12)

1. Fisiko-tekhnicheskiy institut imeni A.F. Ioffe AN SSSR,

Leningrad.
(Photoconduetivity) (Gallium phosphide)
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_NASIEDOV, D:8.; ROGACHEV, A.A.s RYVKIN, S.M.; KHARTSIYEV, V.Ye.;
THARBNKOV, B,V.

Structure of direct recombination spectra of gallium

N . . tela nc.11=33lo$3343 N '&o
arsoenide., Fis, tver & ( 15312)
1. Fisiko-tekhnicheskiy institut imeni A.F. Ioffe AN SSSR,

Lent ’ (Galliun arsenide—Spectra)
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GUTKIN, A.A.; NASLEDOV, D.N.; SEDOV, V.Ye.; TSARENKOV, B.V.

Photoslectric solar energy converters using Gads.
Badiotekh. i elektrom., 7 no,12:2095-2096 D ‘62,

(MIRA 15:11)
1. PFiziko~ cheskiy institut im, A.F. Ioffe AN SSSR.
(Photoelectric wells)
{Solar batteries)
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s/030/62/000/003 /007 /007
B102 /4838

AUTHOR: Eggigsgx‘_n‘_ﬂg, Professor

TITLE: New semiconductor materials
PERIODICAL: Akademiya na&k SS3R. Veatnik,'no. 3, 1962, 87 - 89

TEXT: The conference convened by the Fiziko<®khnicheskiy institut im.

A. F. Joffe Akademii nauk SSSR (Phyaicotechnical Institute imeni

A. F. Toffe of the Academy of Sciences US3R) was held in Leningrad

from 13. - 23. December 1961. It was devoted to the exchange of

information on the production and properties of new semiconductor

meterials. It was attended by over 300 scientists who read papers on,

and discussed, the production and study of semiconductors in the Soviet 7
Union during the last 2 - 3 years. Most of the new semiconductor

materials mentioned were multicomponent chemical compounds, with those -
between elements of the 3rd and 5th groupe playing a central part. ‘ine
antinonides and arsenides of indium and gallium seemed to show particular
pronise for the future. GaAs has been found very suitable for diodes
operating at high teamperatures and those with pulse durations of up to
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10-9 gsec. InAs and InSb have been used for sensitive Hall generators,

photoelectric cells, photoresistors etc. These compounds are obtained b//
as homogeneous, pure, single crystals. A number of papers were devoted

to the investigation of the properties of this kind of semiconductor,

with particular attention to structural defects and their effects.

Besides lead compounds and multicomponent solid solutions, reports vere
also read on silicon carbide semiconductors which are highly suitable

for apparatus with p-n junctions operating at high temperaturer. Oxide
semiconductors appear to be particularly important for industry, espedally
for temperature measurement and control. Motions were carried to the
effect that semiconductor research should be intensified, especially

in the sphere of energy spectra in a wide temperature range, carrier
scattering, doping methods and the production of high-purity single
orystala. New semiconductor-dsvices should also be developed.
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AUTHOR: Imnhov.A_. N.; Kozlov, M. M.; Nasledov, D, N,; Tsarenkov, B, V. ég

ORG: Institute im. A. T, Ioffee, AV SSSR, Leningred (Fiziko- A
y

A\
TITIE: Kimiaofmmamuﬂmmnw!unin&n
P P
junctions 1=
SOURCE: Fizika tverdogp tela, v. 8, no. 7, 196, 2098-2103

TOPIC TAGS: gallium areenide, radiative recombination, semioconductor carrier
junction, relaxation process, spectral distribution, rédiat:im intensity »

ABSTRACT ; mmmnportnmtaofupuimumﬂnm.mﬂnm
density, of the intensity of rediation for different bands of the spectrum (photon

energy range 0.7 -~ 1.5 ev) of GaAs diffusion p-n junctions, at 77 and 293K, and also
results of a simultaneous investigation of the relaxation of the radiation intensity
Hmuctmguluamtpulsesmpassedtlm@ﬂujmmm. The relaxation study
1s a continuation of earlier work by the authors (Abstrects of Papers of Second All-
Union Conferencs on p-n Junctions, AN LatSSR 1964, p. 14) where a long-wave
aﬁemff;ctmnoﬂ er the te ol a square . GaAs p-n junctions
mno?t’hndbydxfﬁnimofm.m,ormaﬂmjointly. The tests consisted of

WmofmmMngVMhIdm
radiation ty with the current, and oscillogrems of the current, voltage, and
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are discussed. The curvent and wltqﬁ‘mlmtxm

noneq
sible kinetics of such a process
time is ssverel orders of magnitude storter than the intensity relaat

The current pulses ranged in amplitude from 0.05 to 7

100 usec. Pulses with curation +10 nsec were also used

curicnpesinpanﬂnmghdeplmls.

mtummmmwammn.

. L.

bands, the presence of which indicates that the re-

The authors thenk O, V. y Vo I. Perel', and A, L. Efros for a discussion
of the results. at, : & figmes,
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Galvanamagnetic properties of indium antimonide doped with elerents
from the first and sccond groups, in the temperature interval L.2 to

300°K. K. I. Vinogradova, W\w. G. Popov, Yu. S.

Smatannikova.

Electrical properties of doped crystals of indium antimonide in a

wide range of temperatures ané impurity concentratioa. V. V. Galavanov,
D. N. Nasled A. S. Filipchenko.

(Presencec by V. V. Galavanov=-15 minutes). .

[

Repc:. presented at the 3rd National Conference on Semiconductor Co~pourds,
Kis.iev, 16-21 Sept 1963
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Report presented at the 3rd National Conferenre rmn

Se~iconductor
Corpounds, Kishinev, 16-21 Sept 1963

<
2. I.cctrical properties of nighly degenerate crystals of a=- anc “Iyse
Zeolium arsenide. 0. V. Yemel'yanenko, F. P. Kesamaniy, J. N. Nasiecov,
¥. G. Sidorov, G. N. Talalakin. T

Loncerning the interaction of electrons with lattice vibrazions :in

gaiiium arsenice. 0. V. Yerel'yanenko, T. §. Lagunova, J5. A, Naslecov,
Y. Ye. Sncherbatov. -

tlectrical properties of gallium arsenide wi
G. N. Nasledov, G. N. Talalakin.
savestigation of the properties of impurity zones in crys

gallium arsenide. 0. V. Yemel'yanenko, T. S. Lagunova,
V. Ye. Shcherbatov.

th different impurities.

tals of P=type
0. N. Nasiedov,

Galvanomagnetic properties of indium ar

senide in a wide temperature
range. Yu. M. Burdukov, I. V. latova,

T. S. Lagunova, 0. N. Nasiedov.

e o

Nernst effect in n-type indium phosphide.
« P. Kesamanly, €. £. Klotin',

(Prasented by 0. v. Yeme!'yancnko=-25 minutas ).

-
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8/181/63/005/001/024/064

B102/B186
AUTHORS: Naskedov, D. N., Mamayev, S., and Yemel'yanenko, O. V.
TITLE: Investigation of the thermo-emf and the thermomagnetic

effects in alloys of the lyaton-CdSnAeQ-ZInAa
PERIODICAL: Fisika tverdogo tela, v. 5, no. 1, 1963, 147-150

TEXT: The authors continue previous invéstigations (FTT, 2, 176, 1960; 3
3405, 1961; DAN SSSR, 142, 623, 1962) of the system CdSnAa2-2InAe whose -

“ initial components are characterized by a particularly high carrier

mobility (,15,000-20,000 cuz/v-sec). In the range 0-50% InAs the alloys
have chalcopyrite structure and above 50X InAe sphalerite structure;

below 75% InAs they are n-type, above this they are p-type. The thermo-emf
and the thermomagnetic Nernst-Ettingshausen effects were measured by a
method described in PTE, Ko. 1, 98, 1960, applying weak magnetic fields
(uB/c¢41). 1In CdSnAs,, InAs, the Nernst-BEttingshausen effects (QL, Q'),

thermo-emf (a), mobility (u) and Hall effect (R) were measured in the
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range 100-600°K. For CdSnAs, and InAs the tenperagure dependences of the
effects were similar: At low temperatures Q' and Q! were negative, changed

sign between ~300-400°K and reached maxima at ~600°K. u decreased slowly
with increasing temperature and dropped to 6000 cm“/v.sec. R remained
almost constant, a was always negative, I“' increased with temperature.
The negative sign of Q at low temperature is indicative of carrier
scattering from impurity ions; r from the l.vf law is 2. The positive
8ign at higher temperatures is attributed to carpier scattering from
acoustic phonons (r = 0.0 - 0.3). Here 1 is the mean free path ana v the
velocity of the carriers (olootronsg. Corresponding measurements of

ZCdSnA82°(21nAs) and CdSnAs,-(2InAs),having electron concentrations of

1.7-1018cm'5 and 4-1018cn-5 at rooa temperature, were made in the range

100-700°K. For both alloys Q! and Q! were positive in the whole range
with maxima at high temperatures. u and R of the first alloy reamained
almost constant, u of the second one had a distinct maxisua at T 2 6009K

(~2000 clz/v-aoc) where R dropped. For both r = 0.3 - 0.9 in the whole
Card 2/3%
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>

temperature range The effective carrier ma®s was always small and
almost independert of composition; its most probable ‘alue was- 0.045 LI

There are 4 figures and 1 table.

ASSOCIATION: Fiziko-tekhnicheskiy institut im. A. P. Ioffe AN SSSR,
Leningrad (Physicotechnical Institute imeni A. F. Ioffe
AS USSR, Leningrad) |

SUBMITTED: July 23, 1962
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AID Rr. 975-15 23 May
NONLINEAR PHOTOEFFECT OF GaAs p-n JUNCTIONS (USSR)

Gutkin, A, A., D, N, Nagledov, and V. Ye. Sedov. Fizika tverdogo tela,

V. 5, no. 4, Apr 1963, 1138-1142, $/181/63/005/004/027/047

Two types of GaAs photodiodes were studied. The specimens were obtained by
diffusion of accq’ptor-type dopants into n-type material with a carrier concen-
tration of ¢ 10 cm~3 and a carrier mobility of ~ 3200 cm?/vesec, The
p-region of the first type of sample was ~ 10 p thick after diffusion and was
decreased by etching in a boiling mixture (SNaOH (5%) + 1 H,0, (30%) + 24H;0)
to = 1u. The p-region of the second type was 1 B thick after diffusion and
the specimens were not etched. Diffusion conditions were designed to produce
a dopant-atom concentration of ~ 1018 cm~3 at the surface of the samples.
Photocurrent characteristics, dependence of photosensitivity on bias light in-
tensity, spectral distribution of photosensitivity with constant-spectrum bias
light, dependence of photosensitivity on bias light wavelength, and spectral
distribution of photosensitivity with a constant electric field ap-
plied to the illuminated p-surface were obtained. Specimens of the first type
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NONLIXEAS ©.JTQEFFECT [Cont'd] 8/181/63/005 /00 /027/047

had nonlinear photocurrent characteristics and exhibited increased photosen-
sitivity with an increase in bias-light intensity. The nonlinear properties of
the first type of diode are attributed to light-induced changes in the recom-
bination rate at the illuminated p-surface. Specimens of the second type had
linear photocurrent characteristics, and exhibited no dependence of photosen-
sitivity on bias light. ’ [BB]
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